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[57] ABSTRACT 

A process for the selective monoadditon of an olefin or 
acetylene to a siloxane which contains two reactive Si — H 
bonds to produce a product in which only one of the two 
Si — H functions has added across the olefin or acetylene is 
disclosed. A process for making unsymmetrical siloxanes 
from symmetrical dihydrosiloxanes and products of both of 
these processes are also disclosed. Products are represented 
by the formula I in which R 1 and R 4 are different: 


R 1 - 



21 Claims, No Drawings 
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PROCESS FOR SELECTIVE 
MONOADDITION TO SILANES 
CONTAINING TWO SILICON-HYDROGEN 
BONDS AND PRODUCTS THEREOF 


5 


0 


(CH 3 0) 3 Si— H + 



Statement of Rights Under Federally Sponsored 

Research 10 

This invention was made with support under NASA Grant 
No. NAG- 1-980. Accordingly, the U.S. Government may 
have certain rights in the invention. 

15 


BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to a process for the selective 20 
monoaddition of an olefin or acetylene to a siloxane which * 
contains two reactive Si — H bonds to produce a product in 
which only one of the two Si — H functions has added across 
the olefin or acetylene. The invention also relates to a 25 
process for making unsymmetrical siloxanes from sym- 
metrical dihydrosiloxanes and to the products of these 
processes. 

2. Information Disclosure 3Q 

A major goal in organic and polymer chemistry is to 
devise methodologies which would enable one to carry out 
highly specific reactions at one reactive site within a mol- 
ecule, while at the same time leaving other potentially 
reactive sites unreacted. Of particular interest to polymer 35 
chemistry is the synthesis of molecules which have two 
different reactive sites for polymerization. Such molecules 
are highly sought after, since they can be used to prepare a 
wide variety of reactive intermediates, oligomers and poly- 40 
mers. 

The hydrosilylation reaction is well known in the chemi- 
cal literature and consists of the addition of a Si — H com- 
pound across a double or triple bond. For example, the 
addition of a trialkyl silane to an olefinic double bond as 45 
depicted in the equation shown below, results in the forma- 
tion of a new carbon-silicon bond. 


v 

o 

(CH 3 0) 3 Si^^ 

Umpleby (U.S. Pat. No. 4,803,244) discloses the hydrosi- 
lylation of an unsaturated elastomer containing multiple 
carbon-carbon double bonds with a poly (hydrosilane) in the 
presence of a saturated thermoplastic polymer to produce a 
thermoplastic elastomer useful for the manufacture of pipes, 
tubing and fiber optic, wire and cable coating. 

Takayanagi et al. (U.S. Pat. No. 5,096,990) disclose the 
reaction of a divinylpoly siloxane with a dihydropoly silox- 
ane and apoly(hydrogensilane) in the presence of a platinum 
catalyst to produce resin compositions suitable for coating 
semiconductor chips. 

These and other references which discuss the use of 
poly(hydrosilanes) for hydrosilylation all produce polysily- 
lated products in which no attempt is made to induce 
selective reaction with a single Si — H bond in a molecule 
having multiple Si — H bonds. On the contrary, the usual 
goal is to “olefinate” as high a proportion of Si — H groups 
as possible. 

Nakos et al. (European Appln 388,005) disclose the 
selective hydrosilylation of vinyl-functional norbomenes. 
As in the cases described above, all the Si — H bonds are 
reacted; however, in the case of the Nakos disclosure, 
subsets of carbon-carbon double bonds are selectively 
hydrosilylated. 

Nagashima et al. [Organometallics 8, 2495-2496, (1989)] 
disclose that 1,2-bis (dimethylsilyl) ethane undergoes 
anomalously rapid hydrosilylation to form a monohydrosi- 
lyl adduct and that the addition of a second mole proceeds at 
a normal rate. They attributed this phenomenon to the 
formation of a cyclic bidentate ligand with the catalyst: 


ch 2 

I 

ch 2 


I 


Si 

l\ 


Si 

I 


R 3 S 1 -H + CH 2 =CH— R 1 " catalyst > RsSi— CH 2 --CH 2 -R 1 50 

+ 

CH 3 — CH — R 1 

R3Si 55 

Traditionally, platinum, palladium, rhodium, cobalt, iridium 
and iron complexes have been used as catalysts in this 
reaction. The hydrosilylation reaction is an exceptionally 
useful reaction which has been employed for the synthesis of 60 
a wide variety of interesting intermediates. For example, 
Lien et al. (U.S. Pat. No. 4,156,046) and Anderson et al. 
(U.S. Pat. No. 4,304,806) disclose the condensation of 
trialkoxy silanes with epoxides containing double bonds to 65 
obtain compounds which can be used to produce hard, 
protective coatings for films, negatives and optical discs. 


and supported this explanation with the observation that 
when two more methylenes were interposed [i.e. 1,4-bis- 
(dimethylsilyl)butane], there was no acceleration of the 
initial addition. Compounds having more than three atoms 
between the silicons would not be expected to exhibit any 
selectivity because the formation of the requisite cyclic 
structure is not favored. 

There thus remains a need for a method for carrying out 
selective olefination of a single Si — H bond in siloxane 
polymers containing two such bonds. This would allow easy 
access to a whole host of differentially functionalized silanes 
that could then be used as intermediates for the synthesis of 
useful polymers. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a process 
for the selective reaction of a single Si — H bond in a 
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siloxane polymer containing two such bonds. 

It is a further object to furnish unsymmetrically substi- 
tuted reactive monomers, oligomers and polymers of defined 
structure from dihydro (polysiloxanes). 

It is a further object to furnish novel polysiloxanes having 5 
useful properties for coatings. 

These and other objects, features and advantages are 
provided by the present invention which comprises a process 
for selectively reacting one equivalent of an olefin or acety- 
lene with a hydrosilane having two silicon-hydrogen bonds. 10 
The process comprises combining one equivalent of a pol- 
ysiloxane with one to two equivalents of the olefin or 
acetylene at 20° to 85° in the presence of a platinum, 
palladium, rhodium, iridium, iron, cobalt or nickel catalyst. 
The process unexpectedly produces less than 5% of a 15 
product incorporating two moles of the olefin or acetylene. 
The preferred catalyst is a rhodium catalyst, most preferably 
tris(triphenylphosphine)rhodium (I) chloride. 

In another aspect the invention relates to a process for 
producing an unsymmetrically substituted siloxane from a 20 
dihydro siloxane by the sequential hydrosilylation of two 
different unsaturated precursors. The process comprises (a) 
combining one equivalent of a poly siloxane with one to two 
equivalents of a first unsaturated precursor at 20° to 85° in 
the presence of a platinum, palladium, rhodium, iridium, 25 
iron, cobalt or nickel catalyst to produce a monohydrosilox- 
ane; and (b) combining the monohydro siloxane with an 
excess of a second unsaturated precursor at 85° to 200° in 
the presence of a platinum, palladium, rhodium, iridium, 
iron, cobalt or nickel catalyst to produce an unsymmetrical 30 
siloxane. As before, the preferred catalyst is a rhodium 
catalyst, most preferably tris(triphenylphosphine)rhodium 
(I) chloride. It is particularly surprising that the process is 
highly selective when the substrate is a siloxane of formula 



wherein n is zero, one and 3 to 100. 

In another aspect, the invention relates to useful com- 
pounds produced by the process of the invention, namely, 
Compounds of formula I 45 


4 

carboxy, carboxyalkyl, haloacyl, formyl, sulfonyl, 
alkyl, aryl and alkyl or aryl substituted with one or 
more substituents chosen from the group consisting of 
epoxides, alcohols, trialkoxysilanes, trihalo silanes, 
nitriles, carboxylic acids, esters, acyl halides, anhy- 
drides, amines, aldehydes, sulfonic acids, sulfones, 
sulfoxides, oxetanes, lactones and vinyl ethers; 

R 7 and R 8 are independently residues making up an 
epoxide-containing carbocycle of ring size 5 to 8; 

n is an integer from 1 to 100; 

R 1 and R 4 are different; and 

when n is two or greater, R 1 may additionally be hydro- 
gen. 

The compounds wherein at least one of R 5 and R 6 contains 
an epoxide, oxetane, acrylate ester, vinyl ether, or olefin are 
useful as monomers which can be polymerized to form 
coatings, adhesives and lubricants. 

Alkyl as used herein refers to linear, branched or cyclic 
hydrocarbon residues of one to twenty carbons. Throughout 
this document the substituents are defined when introduced 
and retain that definition in all subsequent presentations. 

In one series of compounds R 1 is hydrogen and n is from 
2 to 100. These compounds are useful as intermediates in the 
synthesis of monomer units for silicone polymers. Preferred 
compounds of this series are those in which R 2 and R 3 are 
methyl, ethyl or trifluoropropyl, R 4 is CH 2 CH 2 R 6 , R 6 is 
chosen from the group consisting of 



, and n is from 2 to 4. Particularly preferred are compounds 
II and III; 



wherein R 1 is — CH=CHR 5 , — CH 2 CH 2 R 5 , 


1 

50 


m 1 1 

CH2CH— R 7 or -CH— CH2-R 7 


55 


R 2 and R 3 , are independently alkyl, fluoroalkyl, aryl or 
alkoxy; 

R 4 is — CH=CHR 6 , — CH 2 CH 2 R 6 , 60 



ch 3 ch 3 ch 3 

Other preferred compounds in this series are those in which 
R 4 is chosen from the group consisting of 


-CH2-CH-R 8 or -CH-CH2-R 8 


65 

R 5 and R 6 are independently chosen from the group 
consisting of hydrogen, hydroxy, trialkoxysilyl, cyano, 
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■continued 



-continued 

Scheme A 


i I 

R 5 — CH 2 CH 2 -Si— R— Si- CH 2 CH 2 R 6 


XII 


In a second series of such compounds R 1 is — CH 
2 CH 2 R 5 . These compounds are useful as monomer units for 10 
the production of silicone polymers for coatings, adhesives, 
and lubricants. Preferred compounds of this series are those 
in which R 4 is as above and R 5 and R 6 are chosen from the 
group consisting of trialkoxy silanes and alkyl epoxides. The 
epoxides are particularly useful in cationic polymerization 15 
reactions to produce cross-linked silicones. 

Preferred species are those of formulas IV, V, and VI 


ch 3 ch 3 

(CH 3 0) 3 SiCH 2 CH2Si — O— Si^ 
CH 3 ch 3 



™ 20 



In another aspect the invention relates to a further series of 
useful compounds produced by the process of the invention: 


C 6 H 5 VII 40 

R 1 — Si— R 4 

I 

R 2 


DETAILED DESCRIPTION OF THE 45 

INVENTION 


The process of the invention is shown in general form in 
Scheme A: 


50 


Scheme A 


H-Si-R— Si— H 
I I 


VIII 


CH 2 = CH — R 6 + catalyst 

V IX 


I I 

H - Si— Si- CH 2 CH 2 - R 6 


x 


CH 2 = CH — R 5 + catalyst 




XI 


55 


60 


65 


In this general scheme a dihydrosiloxane having some 
residue, R, between the Si — H groups is reacted with an 
olefin IX to produce, selectively and with little or no 
byproduct containing two residues of IX, a silane X having 
a residual Si — H group at one terminus. The reaction is 
illustrated for simplicity with a terminal olefin IX or XI. 
However, it is not necessary to use a terminal olefin of that 
structure; acetylenes and olefins having exocyclic methyl- 
enes will also function in the process. Even internal olefins 
will function, albeit more sluggishly. The term “unsaturated” 
in this disclosure encompasses all of the foregoing groups of 
carbon-carbon double and triple bonds. 

Hydrosilylation catalysts useful in this invention include 
chloroplatinic acid, Lamoreaux’s platinum-octanol catalyst 
(U.S. Pat. No. 3,220,972), Ashby’s platinum alkene catalyst 
(U.S. Pat. No. 3,159,601), Karstedt’s platinum vinylsilox- 
anes (U.S. Pat. No. 3,715,334), tris(triphenylphosphine)r- 
hodium chloride, dicobalt octacarbonyl, iron pentacarbonyl, 
bis(tri-phenylphosphine)palladium dichloride or diacetate, 
bis(acetylacetonato)nickel with triphenylphosphine, and 
copper (I) chloride ethylenediamine complexes. Preferred 
catalysts are complexes of rhodium, platinum, palladium 
and nickel such as bis(cyelooctadiene)rhodium chloride, 
bis(triphenylphosphine)nickel dichloride, bis(triph- 
enylphosphine) palladium diacetate, and chloroplatinic acid. 
A particularly preferred catalyst is Wilkinson’s catalyst, 
(Ph 3 P) 3 RhCl, or a polymer bound Wilkinson’s catalyst. 
Catalysts that employ or generate colloidal platinum or 
palladium are to be avoided as they give rise to undesirable 
side reactions when R 5 or R 6 contains an epoxide. 

The amount of catalyst can be in the range of about 5 to 
about 10,000 parts per million (ppm) by weight based on the 
weight of the elastomer. The preferred amount of catalyst is 
in the range of about 20 to about 1000 ppm. 

The reactions may be run in hydrocarbon solvents, par- 
ticularly toluene, in halogenated hydrocarbons or even in 
ethers such as dioxane or ethylene glycol dimethyl ether. In 
some cases the reactions may be carried out in the absence 
of solvent, but they are more difficult to control. Selective 
monosubstitution requires that the temperature be kept 
below about 85° C., and in exothermic reactions, such as 
most hydro silylations, this is more easily achieved by run- 
ning them at higher dilution. 

The starting materials, dihydro(polysiloxanes), are readily 
available by procedures well-known in art, (see U.S. Pat. 
No. 5,097,054) and many are commercially available. The 
mechanism by which only one of two apparently equivalent 
Si — H bonds reacts is not clear. If the reaction did not 
distinguish between Si — H bonds, one would expect a 
statistical distribution of products. In the case where there is 
only one equivalent of olefin per two Si — H groups, a 
statistical distribution would yield a product mix of 25% 
unreacted, 50% mono-adduct and 25% di-adduct. Since the 
yields we have observed are routinely greater than 80% 
monoadduct with undetectable levels (less than 5%) of 
diadduct, there is clearly a high degree of selectivity in the 
process of the invention. Because the distance between 
reacting centers can be more than four bonds, it seems 
unlikely that the effect is electronic. 
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TABLE 1 -continued 


STRUCTURE 


Yield Boiling 

(%) Point 



Combined into a 50 mL round bottom flask equipped as 
described above were 2.58 g l-[2-[3(7-oxabicyclo[ 4.1.0] 
heptyl)]ethyl]-l,l,3,3tetramethyldisiloxane (II) (0.01 mol) 
prepared as described in procedure B and 1.2 g (0,012 mol) 
1,2-epoxy- 5-hexene and approximately 3 mg of polymer 35 
bound Wilkinson’s catalyst. The mixture was heated at 
80°-85° C. until the band at 2120-2130 cnT 1 in the infrared 
had disappeared (7 hours). The reaction mixture was cooled 
to room temperature, the catalyst was removed by filtration, 
and the excess starting materials were removed in vacuo. 4Q 
There were isolated 3.2 g (90% yield) of the desired product. 

When a solution of the above diepoxide containing 1% of 
the photoinitiator, (4-octyloxyphenyl)phenyliodonium 
hexafluoroantimonate, was spread as a 1 mil film and 
irradiated using a General Electric H3T7 medium pressure 45 
mercury arc lamp ballasted at 200 W, the film cured to a 
hard, transparent film within ten seconds. This film is useful 
as a protective and decorative coating for metals, plastics 
and glass. 

50 

Synthesis of 

1 -[2-[3-[7-Oxabicyclo[4. 1 .0]heptyl)]ethyl] 

-3- [2-trimethoxy sily lethy 1] - 1 , 1 ,3 ,3- 
tetramethyldisiloxane (V) 



There were condensed together 2.58 g (0.01 mol) l-[2- 
[3-[7-oxabicyclo[4. 1.0]heptyl)]ethyl] tetramethyldisiloxane 
(II) and 1.8 g vinyltrimethoxy silane (0.012 mol) in the 


presence of 3 mg polymer bound Wilkinson’s catalyst. After 
6 hours at 80-85° C. no absorption at 2160 cm" 1 in the 
infrared was noted and the reaction terminated. The reaction 
mixture was worked up in an identical manner as described 
in the previous experiment. There were isolated 3.32 g of the 
desired product in 82% over all yield. 


Synthesis of 

l-Glycidyloxypropyl-3trimethoxysilylethyl] 
tetramethyldisiloxane (IV) 


ch 3 ch 3 

(CH 3 0) 3 SiCH 2 CH 2 Si -O-Si 


CH 3 ch 3 



IV 


There were combined together into the usual experimental 
apparatus, 1.34 g (0.01 mol) 1,1,3,3-tetramethyldisiloxane, 
1.34 g (0.01 mol) allylglycidyl ether and 40 mL toluene. To 
this mixture were added 1-2 drops of the Karstedt catalyst 
and the reaction heated at 55°-60° C. for 6 hr. Then 1.8 g 
(0.012 mol) vinyltrimethoxytrimethoxysilane was added 
and reaction continued for an additional 6 hr. Activated 
carbon was added to the reaction mixture and the solution 
was stirred and filtered. The solvent and unreacted starting 
materials were removed in vacuo leaving 3.4 g (84% yield) 
of the desired product as a colorless oil. 

By a procedure analogous to that of the foregoing 
example, the following asymmetrical siloxanes were pre- 
pared from the corresponding dihydro siloxane and olefins: 
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TABLE 2 


Yield 


xxn 


XXIII 


XXIV 



ch 3 ch 3 


92 


98 


80 


89 


While the invention has been particularly shown and 
described with reference to preferred embodiments thereof, 
it will be understood by those skilled in the art that other 
changes in form and details may be made therein without 
departing from the spirit and scope of the invention. 

We claim: 

1. A compound of formula 


25 


30 


35 


R 1 - 


R 2 

I 

Si-O- 

I 

R 3 


R 2 

I 

-Si-R 4 

I 

R 3 


wherein 

R 1 is — CH=CH 5 , — CH 2 CH 2 R 5 , 


R 2 

I 

Si— o- 

I 

R 3 


R 2 

I 

-Si— R 4 

I 

R 3 


wherein 

R 2 and R 3 , are independently alkyl, fluoroalkyl, aryl or 
alkoxy; 

R 4 is — CH=CHR 6 , — CH 2 CH 2 R 6 , 45 


m i 1 

CH 2 CH-R 7 or -CH-CH2-R 7 

4 0 R 2 and R 3 , are independently alkyl, fluoroalkyl, aryl or 
alkoxy; 

R 4 is — CH=CHR 6 , —CH 2 CH 2 R 6 , 


m 

-CH2-CH-R 8 or 


-CH-CH2— R 8 


n 1 1 

— CH 2 — CH— R 8 or -CH-CH2— R 8 

R 6 is chosen from the group consisting of alkyl or aryl 
substituted with one or more substituents chosen from 
the group consisting of epoxides, alcohols, trialkyox- 
ysilanes, trihalosilanes, nitriles, carboxylic acids, 
esters, acyl halides, anhydrides, amines, aldehydes, 
sulfonic acids, sulfones, sulfoxides, oxetanes, lactones 
and vinyl ethers, with the proviso that R 4 must contain 
a polymerizable epoxide, oxetane, acrylate ester, vinyl 
ether or olefin; 

R 8 is a residue making up an epoxide-containing car- 
bocycle of ring size 5 to 8; and 

n is an integer from 1 to 100. 

2. A compound of formula 


R 5 and R 6 are independently alkyl or aryl substituted with 
one or more substituents chosen from the group con- 
50 sisting of epoxides, alcohols, trialky oxy silanes, triha- 
losilanes, nitriles, carboxylic acids, esters, acyl halides, 
anhydrides, amines, aldehydes, sulfonic acids, sul- 
fones, sulfoxides, oxetanes, lactones and vinyl ethers, 
55 with the proviso that both of R 5 and R 6 must contain a 
polymerizable epoxide, oxetane, acrylate ester, vinyl 
ether or olefin; 

R 7 and R s are independently residues making up an 

epoxide-containing carbocycle of ring size 5 to 8; 

60 . . 

n is an integer from 1 to 100; and R and R are different. 

3. A compound according to claim 1 wherein R 2 and R 3 
are methyl, ethyl or trifluoropropyl. 

4. A compound according to claim 1 wherein R 4 is 
65 CH 2 CH 2 R 6 . 

5. A compound according to claim 4 wherein R 6 is chosen 
from the group consisting of 
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6. A compound according to claim 5 wherein n is from 
two to four. 

7. A compound of formula 



ch 3 ch 3 ch 3 


-continued 



13. A compound according to claim 10 wherein R 5 and R 6 
io are alkyl epoxides. 

14. A compound of formula 

R 3 R 3 

I I 

15 H-Si-0-Si-CH 2 CH 2 R 6fl 

R 3 R 3 

wherein 

20 R 3 is alkyl, fiuoroalkyl, aryl or alkoxy; and 
R 6a is an alkyl epoxide. 

15. A compound of formula 


according to claim 6. 

8. A compound according to claim 3 wherein R 4 is chosen 25 
from the group consisting of 



9. A compound according to claim 2 wherein R 1 is 40 

— ch 2 ch 2 r 5 . 

10. A compound according to claim 9 wherein R 4 is 

— ch 2 ch 2 r 6 . 

11. A compound according to claim 10 wherein R 6 is 45 
chosen from the group consisting of 




according to claim 14. 

16. A compound of formula 



ch 3 ch 3 


according to claim 13. 

17. A compound of formula 


C 5 h 5 

R 1 — Si — R 4 

I 

R 2 


wherein R 1 is hydrogen, — CH=CHR 5 , — CH 2 CH 2 R 5 , 


CH 2 CH — R 7 or — CH — CH 2 — R 7 

R 2 and R 3 , are independently alkyl, fiuoroalkyl, aryl or 
alkoxy; 

R 4 is — CH=CHR 6 , — CH 2 CH 2 R 6 , 


12. A compound according to claim 9 wherein R 4 is 
chosen from the group consisting of 60 



— CH 2 -CH“R 8 or — CH— CH 2 — R 8 

R 5 and R 6 are independently alkyl or aryl substituted with 
one or more substituents chosen from the group con- 
sisting of epoxides, alcohols, trialkyoxysilanes, triha- 
losilanes, nitriles, carboxylic acids, esters, acyl halides, 
anhydrides, amines, aldehydes, sulfonic acids, sul- 
fones, sulfoxides, oxetanes, lactones and vinyl ethers, 
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with the proviso that both of R 5 and R 6 must contain a 
polymerizable epoxide, oxetane, acrylate ester, vinyl 
ether or olefin; 

R 7 and R 8 are independently residues making up an 
epoxide-containing carbocycle of ring size 5 to 8; and 5 

R 1 and R 4 are different. 

18 . A process for selectively reacting one equivalent of an 
olefin or acetylene with a hydro siloxane having two silicon- 
hydrogen bonds, said process producing less than 5 % of a 10 
product incorporating two moles of said olefin or acetylene, 
said process comprising combining one equivalent of a 
polysiloxane of formula 



wherein R 2 and R 3 are independently alkyl, fluoroalkyl, aryl 
or alkoxy and n is zero, one or 3 to 100 with one to two 
equivalents of said olefin or acetylene at 20° to 85° in the 
presence of a rhodium catalyst. 

19 . A process according to claim 18 wherein said rhodium 25 
catalyst is a tris(triphenylphosphine)rhodium (I) chloride 
catalyst 


16 

20 . A process for producing an unsymmetrically substi- 
tuted siloxane from a dihydrosiloxane by the sequential 
hydrosilylation of two different unsaturated precursors, said 
process comprising (a) combining one equivalent of a pol- 
ysiloxane of formula 



wherein R 2 and R 3 are independently alkyl, fluoroalkyl, aryl 
or alkoxy and n is zero, one or 3 to 100 with one to two 
equivalents of a first unsaturated precursor at 20° to 85° in 
the presence of a rhodium catalyst to produce a monohy- 
drosiloxane; (b) combining said monohydrosiloxane with an 
excess of a second unsaturated precursor at 85° to 200° in 
the presence of a platinum, palladium, rhodium, iridium, 
iron, cobalt or nickel catalyst to produce an unsymmetrical 
siloxane. 

21 . A process according to claim 20 wherein said rhodium 
catalyst is a tris(triphenylphosphine)rhodium (I) chloride 
catalyst. 
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